Paraquat poisoning is associated with very high mortality and often results in severe complications including pulmonary fibrosis and multi-organ failure. Majorities of the reported cases had paraquat exposure from oral route either due to accidental intake or suicidal attempt. Systemic complications from dermal exposure were infrequently reported. We reported a patient suffering from acute renal failure and liver function derangement due to systemic absorption of paraquat from accidentally dermal and mucosal contact. The case has illustrated the danger of improper use of this high toxic substance as a household product. (Hong Kong j.emerg.med. 2011;18:258-263) 
Introduction
Paraquat belongs to the group of dipyridyl herbicides and is widely used in agriculture. It is a registered herbicide in Hong Kong and is easily accessible in the agricultural product shops. The usual concentration of registered formulation for retail sale is 25%. Paraquat is well known to be highly toxic to human. Ingestion of paraquat carries a very high mortality even in small amount of exposure. 1 In a local case series involving 7 cases of paraquat poisonings (6 patients had oral route of exposure and 1 patent had eye contact), 4 of the patients with paraquat ingestion (66.6%) died eventually. 2 Large amount of exposure (e.g. >100 ml) was associated with rapid deterioration while patients who survived in the first few days frequently developed severe complications including acute renal failure. 2 Although paraquat is poorly absorbed through skin, prolonged dermal exposure or contact with damaged skin could result in systemic absorption leading to systemic toxicity and even death. [3] [4] [5] [6] We reported a patient presenting with acute renal failure and deranged liver function after skin and lips contact with inappropriately diluted paraquat. The patient had severe skin erosions over the contact areas and the systemic absorption was thought to be secondary to the skin and mucosa damage by the concentrated paraquat.
denied for recent oral medications consumption. The initial diagnosis was severe contact dermatitis with mucosal involvement and he was admitted into medical ward for further management. The herbicide was later brought to the hospital by his friend and was identified to be paraquat. Bedside sodium dithionite test was positive as supported by the definite colour change from background pale yellow to green and such colour change could be considered positive according to the instructions on the test manual (Figure 1c) . Thus, a diagnosis of systemic paraquat poisoning from dermal absorption was subsequently made.
Initial blood tests revealed acute renal failure with creatinine level of 530 µmol/L (reference range: 62-106 µmol/L). His liver function was deranged with alkaline phosphatase (ALP) of 147 U/L (reference range: 10-57 U/L). Chest X-ray revealed a clear lung field. Ultrasonography of the liver and kidneys were unremarkable. Irrigation of the wounds with normal saline was performed. Intravenous fluid was administered to maintain adequate hydration and urine
Case
A 22-year-old Pakistani gentleman with good past health presented to the emergency department in October 2010 and he complained of erosions over his lips and scrotum after an accidental contact with a liquid herbicide 5 days ago. The herbicide was bought from a local agricultural product shop. He mixed half bottle (500 ml) of the herbicide (27.6%) with 3 liters water and then splashed the mixture to the weeds outside his house. He did not wear protective clothing or gloves during the work. His hands were accidentally contaminated with the herbicide and he used his hands to touch his lip and scratch his scrotum. He was asymptomatic until 2 days later and developed painful erosions over the lips and the scrotal skin (Figures 1a  & 1b) .
At presentation, he had stable vital signs with full Glasgow Coma Score, normal blood pressure, normothermia and saturation of 99% on room air. He did not have respiratory or urinary tract symptoms and 
Discussion
Paraquat is a widely used herbicide owning to its high effectiveness and low environmental toxicity. However, it is highly toxic to human. The mechanisms of paraquat toxicity involve the formation of highly toxic reactive oxygen species, e.g. the hydrogen peroxide and the hydroxyl radical. Paraquat acts as a potent "redox cycler" and undergoes electron transfer to form free radical in the presence of NADPH and cytochrome P450 reductase. The paraquat radical is highly unstable and is cycled in a continuous process of oxidation and reduction. This results in formation of numerous potent oxidants in the subsequent processes causing cell damage and even death. Paraquat poisoning causes multi-organ failure and the lung is particularly affected as it is accumulated in the pneumatocytes by special uptake system. 7 Paraquat poisonings result in diffuse alveolitis followed by extensive pulmonary fibrosis. High concentration of oxygen accelerates the formation of free radicals. Oxygen therapy should be avoided and the lowest possible concentration of oxygen should be given to paraquat-poisoned patients with hypoxemia.
Paraquat also has potent dermatotoxic effects especially at high concentration. It induced epidermal changes including intercellular oedema and epidermal-dermal separation in porcine skin experiement. 8 The permeability of diluted paraquat (1 mg/ml) to intact human skin was found to be very low but the Figure 2 . Progress of liver function.
ALP=Alkaline phosphatase; ALT=Alanine aminotransferase permeability significantly increased in damaged skin and exposure to concentrated solution, e.g. 100 mg/ml. 9 In animal model experiment, a significant amount of paraquat was found to be excreted in the urine of rats after repeated applications of paraquat over the intact skin causing chemical damage. 4 According to the product insert of the paraquat used by our patient, each 1 part of the paraquat was recommended to mix with at least 40 parts of water. The concentration of the mixture would be approximately 6 mg/ml. The estimated concentration of the mixture being contacted by our patient was around 40 mg/ml. The contact with this concentrated mixture resulted in severe skin damage leading to a significant systemic absorption. Moreover, minor abrasions after scratching could be another contributing factor. The lip mucosa damage induced by paraquat in our patient could also enhance its absorption.
Although paraquat is widely used in agricultural works, systemic paraquat poisoning from occupational exposure is relatively uncommon. Hoffer et al reported 15 cases of accidentally dermal contact of paraquat in agricultural workers during splashing of the herbicide. None of them developed systemic complications. Detectable plasma and/or urine paraquat levels were found in 5 of them (33%) but the levels were extremely low enough to cause systemic toxicity. 10 However, severe local complications with extensive chemical burns had been reported in agricultural workers who contacted with paraquat accidentally due to leakage from the herbicide containers.
11 There were also a few reported cases of fatalities resulted from systemic paraquat poisoning secondary to prolonged dermal contact and exposure to highly concentrated solution. 5, 6 Our patients developed systemic toxicity of paraquat poisoning with acute renal failure and biochemical picture of cholestatic hepatitis due to the systemic absorption of paraquat through the damaged skin and the mucosa but there was no co-existing pulmonary complication.
Apart from the unique toxicity to the lung, paraquat has been also known to be highly nephrotoxic. Intravenous administration of paraquat in sheep showed a dose-dependent decrease of the glomerular and tubular function. 12 Renal biopsy in a patient with acute renal failure after dermal exposure of undiluted paraquat (20%) solution revealed inflammatory cell infiltration, tubular necrosis and diffuse interstitial fibrosis. 13 Fortunately, our patient had spontaneous improvement of his renal failure without the need of renal replacement therapy.
A biphasic process of hepatic injury was described in patients with paraquat poisoning based on the autopsy findings. The histological changes were found to be related to the survival time of the patients. Patients who died within 2 days of paraquat poisoning were found to have marked hepatocellular injury but no or minimal changes in the bile ducts. On the contrary, cholestatic injuries with cholangiocellular degeneration and necrosis in the small bile ducts and cholangioles were found in patients who survived from 2 to 14 days. It was postulated that the initial phase of hepatocellular damage was due to the accumulation of the paraquat while the second phase of cholangiocellular and cholestatic injury was related to the excretion of the paraquat.
14 Long-term hepatic effect of paraquat intoxication in human is still unknown owning to the high mortality of acute poisoning. Persistent cholestasis lasting up to 4 year had been reported in a patient with acute paraquat poisoning through dermal absorption. 15 The patient had a liver biopsy performed 1 month after the exposure showing centrilobular cholestasis, mild hepatocellular necrosis and infiltration of macrophage in the portal areas. Repeated liver biopsy 2 years later revealed mild dysplastic changes of the interlobular bile duct cells with vacuolization of cytoplasm and variation of nuclear size but the lobular architecture was found to be preserved. 15 Similar morphological changes in liver biopsy had been reported in a patient with persistently deranged liver function after an accidental dermal contact with paraquat and diquat mixture. The liver biopsy showed advanced degeneration of liver cells with marked cholestasis. The liver function of the patient spontaneously improved but it took 2 years to return to normal. 16 However, there are still no data regarding the malignant potential of paraquat associated hepatotoxicity. The long-term progress of our patient's liver function was unable to be assessed as the follow up was defaulted eventually.
The initial management of dermal contact with paraquat involves immediate decontamination of skin, assessment of severity of skin damage and evaluation of risk of systemic absorption. The amount of ingestion and plasma paraquat concentration are important prognostic factors. 7 However, there are currently no data concerning the risk of systemic complications or mortality in relation to the area of skin involvement and also plasma paraquat level assay is not available in our hospital. Thus, we did not have a good evaluation tool to assess the prognosis of our patient and to guide the further treatment plan, e.g. immunosuppressive therapy.
The urine sodium dithionite test provides a rapid assessment of systemic absorption of paraquat. It is a semiquantitative test. A change of urine colour to navy or dark blue indicates a significant amount of paraquat in the urine (e.g. 10 to 100 µg/ml) and colour change to green also indicate systemic exposure. However, the test is subject to interpretation error when the concentration of paraquat in urine is low and the development of renal failure due to paraquat poisoning could also influence the urine excretion leading to a false-negative result. 7 Bedside sodium dithionite test was performed in our patient on admission. The test was done by firstly adding 2 gram of sodium bicarbonate into 10 ml of urine which was then shaken gently. One gram of sodium dithionite was subsequently added and the effervescence was allowed to subside. The mixture was shaken again to allow the solid to settle and the mixture was then viewed against a white background. His urine changed from pale yellow to green colour indicating a systemic absorption of paraquat ( Figure C) . However, the repeated urine dithionite test by the laboratory was negative. The time delay of repeated urine sampling and the difficulty in the visual assessment for the colour change caused by small amount of paraquat in the urine might account for the different results in the 2 tests.
The mainstay of treatment of paraquat poisoning is supportive care. Early counselling should be provided to both patient and patient's relatives for the high risk of life-threatening complications and even death. Although the use of immunosuppressive therapy, i.e. repeated pulse methylprednisolone and cyclophosphamide with continuous dexamethasone administration, had been shown to reduce mortality in paraquat poisoned patients, the benefits were demonstrated in selected patients, 17 who presented early within 1 day and had an expected mortality of 50 to 90% predicted by the plasma paraquat level and the urine test, which was not applicable to our case. However, its usefulness is not well-established and it is potentially associated with severe adverse effects.
Conclusion
Paraquat poisoning is associated with high morbidity and mortality. Our case demonstrates that serious consequences could be resulted from simple skin and mucosa contact with the herbicide. We emphasize the importance of proper protective measures, careful handling and compliance of manufacturer's instructions during the use of this highly toxic substance.
